INTRODUCTION
The Ballena Gravels (actually conglomerate ) were named by Fairbanks (1893) for a prominent, southwest-trending line of outcrops on the western flank of the batholithic Peninsular Ranges in San Diego County (figure 1). Although the Ballena Gravels are only erosional remnants they are up to 110 meters (360 feet) thick, up to 3 kilometers (2 miles) wide, and have an outcrop length of 26 http://dx.doi.org/10.7773/cm.v9i1.412
RIGHT-SLIF' OF THE EOCENE BALLENA RIVER kilometers (16 miles). They have always been interpreted as fluvial deposits because of their linear outcrop subperpendicular to the trend of the Peninsular Ranges, their existence in a low sinuosity paleovalley cut into the granitic terrane, their abundance of extraregional rhyolite clasts that are rounded and have dominantly prolate shapes, their abundance of percussion-marked quartzite gravels, and their southwestern termination into the apex of a large alluvial fan built out over the coastal plain during Eocene time (Fairbanks, 1893; Minch, 1972 Minch, , 1979 Steer, 1980 ). An interesting feature of all Ballena Gravels outcrops is the high percentage of exotic rhyolitic clasts and the relatively low percentage of plutonic clasts derived from the basement rocks into which the river carved its valley (table. 1). This d ominarme of exotic clasts has been attributed to the long distance (2 300 km) of the flow system, which allowed the ultradurable rhyolitic clasts to simply wear down the softer plutonic detritus (Abbott and Peterson, 1978 
PREVIOUS WORK ON ELSINORE FAULT OFFSET.
Estimates of the amount of movement on the northem part of the Elsinore fault have indicated as much as 40 kilometers (25 miles) of right slip based on offset facies changes in Paleocene strata (Lamar, 1961; Sage, 1973; Crowell and Ramirez, 19 79) .
Prior studies along the central and southern parts of the Elsinore fault have produced a range of estimates of displacement. Dibblee (1954) suggested "A great amount of right lateral movement. . ." Allison (1974) described the splitting of the Elsinore fault zone in the vicinity of the present study area. He determined that 8 kilometers (5 miles) of right-lateral displacement had occurred along a southwestem splay (Chariot Canyon fault) of the Elsinore zone and that subparallel faults (e.g. Earthquake Valley fault) to the east may have had comparable offsets. A 4.8 magnitude earthquake in September, 1973, and a series of 36 aftershocks showed that right-lateral slip is presently taking place along the South branch of the Elsinore fault (Allison et al., 1978) .
However, other workers have concluded that the offset along the Elsinore fault zone in this study region has been dominantly vertical with a minimal strikeslip component. Weber (1963) suggested an apparent right-lateral offset of about 600 meters (2,000 feet) from contact relationship in metamorphic rocks across the fault in the Julian area. Detailed field mapping by Todd (1977) and Todd and Hoggatt (1979) led them to conclude that large-scale lateral displacements have not occurred along the Elsinore fault. In a study of aerial photographs supplemented by field checks, Lowman (1980) stated that there has been little or no strike slip on the Elsinore fault, but that the movement has been primarily dip slip.
BALLENA GRAVELS EAST OF ELSINORE FAULT ZONE.
The presente of Poway rhyolite clasts in the Pinyon Mountains was reported in an abstract by Sharp (1968) .
Sharp also stated (pers. comm., 1979) that these rhyolitic gravels might be in Eocene strata or might have been reworked into younger conglomerates.
Gordon Gastil (pers. comm., 1980) The McCain Spring paleovalley is up to 600 meters (2,000 feet) across and 2,300 meters (7,500 feet) long, is carved into batholithic rocks and also trends northwesterly (figures 2 and 4). One long, well exposed paleovalley wall segment along the southem margin of the McCain Spring paleovalley trends N38OW.The projection of the northwest-trending McCain Spring paleovalley across Harper Flat to the prominent hill on its northem border (on Whale Peak 7.5' topographic map) intersects the slightly undulating base of the same paleovalley carved into the granitic bedrock there. The valley fil1 in this northwestem continuation is almost totally composed of younger conglomerates deposited by later rivers that reoccupied the Eocene valley. Only one small patch of Ballena Gravels was found here and it was nestled into a protected low spot against the base of a steep lower valley wall segment.
Preserved segments of the McCain Spring paleovalley watls and base expose lags of large Poway rhyolite and quartzite boulders lying on or against rotted plutonic rocks. Grave1 specimens include a record long diameter of 84 centimeters measured on a gray Poway rhyolite clast. At the southwestern end of this paleovalley the preserved wall is 54 meters (175 feet) high and at the northeastern end, the wall is 160 meters (520 feet) high. The paleovalley is filled locally with Eocene Ballena Gravels but also is infilled in its upper parts by younger conglomerates deposited by smaller rivers which reoccupied the Eocene valley. These later streams eroded into the Eocene sedimentary fil1 and deposited gravels whose clast populations may contain a few percent of reworked Poway rhyolite clasts but are dominated by granitic detritus derived from the surrounding basement terrane.
The Ballena Gravels occur chiefly as float-mantled slopes that also expose lags of unusual clasts let down onto the surface during the erosion of overlying, younger conglomerates.
The best exposures are found atop paleovalley floors or against granitic paleovalley walls.
COMPARISON OF CLAST POPULATIONS.
Poway rhyolite clasts are found in abundance in three Eocene formations of the coastal plain at San Diego ( block bounded by the Elsinore and San Jacinto fault zones. Removal of this rotation gives similar southwesterly trends to the Ballena Gravels in the paleovalleys on each side of the Elsinore fault zone. Extrapolation of the trends of the Ballena paleovalleys back to the fault "plane" to create a piercing point suggests a total right-lateral offset of 37 kilometers (23 miles) (Figu re 1). Even allowing for some ambiguity in this estimate due to the unknown original location of the Indian Campsite and McCain Spring paleovalleys within the larger Ballena braided river system, the estimated offset still indicates a large amount of right-lateral slip.
In addition, mapping and basin analysis of early Neogene continental rocks in the Split Mountain area (Kerr, 1982) suggest that the Vallecito Mountain fault is a clockwise-rotated, northwest translated, Miocene Basin-and-Range normal fault. Right-lateral offset of the Vallecito Mountain fault (figure 1) suggests about 5.6 kilometers (3.5 miles) of slip on the Earthquake Valley fault, a branch of the Elsinore fault zone. This in tum suggests about 31.5 kilometers (19.5 miles) of right slip on the other branches of the Elsinore fault zone.
